Germanium is a widely distributed element that occurs in high concentrations in a very limited number of ores of argyrodite, canfieldite and germanite.l It is an invaluable elements for semiconductor industry and for molecular design in organic chemistry. A number of papers have dealt with determination of trace amounts of germanium, mainly by spectrometry. [2] [3] [4] Germanium has many oxygenated species in aqueous solution and is not well characterized polarographically. Previously we have reported some sensitive and/ or selective electroanalytical methods based on the utilization of polarographic maximum waves or catalytic maximum waves of analyte.s_8 In the case of molybdenum,9 for example, the detection limit reaches down to 10-10 mol dm-3.
This paper describes the electrochemical behavior of germanium(IV) in an acetate buffer solution containing catechol and perchlorate and discusses the possibility of trace determination for germanium.
Experimental

Apparatus
Polarograms were recorded with a Model P-1000 Voltammetric Analyzer with a mechanical drop knocker (Yanagimoto Mfg. Co., Ltd.) and a Watanabe X-Y recorder, model WX4401. The electrolysis circuit was a three-electrode system consisting of a dropping mercury electrode(DME), a double junction type SCE, and a Pt coil as a counter electrode. All measurements apart from the temperature dependence studies were carried out in a water bath at 20±0.5° C.
Reagents
A standard germanium(IV) solution (1.00X 10-3 mol dm-3) was prepared by dissolving and appropriately weighed quantity of Ge02(Wako Chem. Co. 8N purity) in doubly distilled water. Sodium perchlorate (monohydrate; Wako Chem. Co.) and catechol (E. Merck A.G.) were of analytical reagent grade. All other chemicals used also were of analytical reagent garde. Results and Discussion
Direct electrochemical determination of germanium was carried out with a hanging mercury drop electrode at the current corresponding to the oxidation from Ge(0) to Ge(IV).1U However, the voltammogram is illdefined and very complicated due to the poor dissolution of germanium into mercury.
No reduction wave or peak was observed for germanium(IV) in acetate buffer solution with or without sodium perchlorate, but the addition of catechol(Cat) resulted in the appearance of a reduction wave or peak at about -0.7 V vs. SCE. This electrode reaction in do polarography appears almost reversible, because the slope of the wave analysis is 16 mV. This suggests that the differential pulse polarographic (DPP) analysis for germanium(IV), in which four electrons are transferred, is specially useful because the current increases linearly with n2 for small pulse amplitude.ll In addition, germanium(IV) in the same media gives a typical maximum wave which is markedly large in comparison with a reduction wave or peak height of common heavy metal ions (Fig. 1) . McCrory-Joy and Rosamilia12 have also studied the DP polarography of various metal ions including germanium under similar polarographic conditions, but they did not discuss the electrode reaction with maximum wave. The enhancement of peak currents might be due to the effect of adsorption of germanium-catechol complex and catechol onto the mercury electrode surface. The temperature coefficients by DPP mode are l.84%/° C for a typical diffusion current in the temperature range of 2°C to 10°C, but the coefficient in the temperature range of 10°C to 40°C was -3.80%/°C, which might be due to the electrode processes accompanying adsorption phenomena. However, no marked differences in electrocapillary curves with and without Ge(IV) could be recognized. Similar results for temperature coefficient have been reported by Chen and Neeb. 13 The current is caused probably at least by adsorption of the products, as previously mentioned.5 This is not always true, however, and the criterion becomes too ambiguous to be useful when the chemical process is responsible for only a small fraction of the observed wave height, as pointed out by Meites.4 Therefore, the electrode process of germanium(IV) reduction may be interpreted by the following mechanism, which is similar to that proposed for other maximum waves5-9 and to these for other catalyzed wave of germanium-(IV): '5 
